The Compact Llnear Collider (CLIC) aims at colliding e+e-beams at 1.5TeV with effective transverse spot sizes of 60 nm (horizontal) times 0.7nm (vertical). Suict stability tolerances must be respected in order to achieve a sufficient overlap of the two colliding beams. A stability test stand has heen set up at CERN, bringing latest stabilization technology lo the accelerator field. Using this technology, a CLlC prototype magnet was stabilized in a normal CERN working environment to less than I-nm vertical RMS motion above 4 Hr. Detailed simulations of the timedependent luminosity performance of CLlC are discussed.
INTRODUCTION
TheCompactLlnearCollider(CLIC) StudyatCERN [ I ] aims at colliding e+e-beams at 1.5TeV with a luminosity of about cm-'s-'. In order to achieve this Iuminosity performance the transverse beam size at the interaction point must be as small as 60nm (horizontal) times 0.7nm (vertical). CLlC will rely on a beam based feedback system for the correction of magnet motion below few Hz, but the faster motion of the quadrupole magnetic center must be mechanically stabilized to a fraction of the beam size. The vertical uncorrelated motion above 4 Hz for the CLlC quadrupoles must he smaller than 1.3 nm (linac) and 0.2 nm (final doublets) [2] . The final goal for the CLlC Stability Study is to demonstrate that such tolerances can actually be met. The approach that has been followed is to bring modem stabilization technologies to the accelerator field. The goals of the first phase of the CLlC Stability Study, as defined in January 2002, are: (I) Establish vibration measurements with sub-nanometer accuracy; (2) Investigate modem techniques for the stabilization of accelerator magnets; (3) Predict the time-dependent luminosity performance of CLIC with the achieved magnet stability. These items are addressed in the Sections 2, 3 and 4, respectively. In Section 5 some conclusions are drawn.
MEASUREMENT SETUP
A detailed summary on the sensors used for vibration measurements in the framework of the CLlC Stability Study is given in [Z] . Here. the main characteristics of where k , , , corresponds to the largest measurable frequency. In order to reduce the statistical uncertainty on the measurement results, P ( / k ) is calculated as the average of several consecutive data sets.
QUADRUPOLE STABILIZATION TO THE SUB-NM LEVEL
The stabilization of the CLIC prototype quadrupoles is performed with state-of-the-art stabilization devices. The magnets are fixed on top of an honeycomb support structure (table) that sits on a stabilizing system. The quadrupole doublets can either he directly screwed onto the table top or be installed on the table via an alignment suppon structure, which is a non vibration-optimized suppon used in CLIC Test Facility I1 (CTF2) for the micrometric alignment of the quadrupoles (see Fig.1 ). This setup has also been used for detailed studies of water induced vibrations [41, support Structure resonances I21 and effects of acoustical waves. A soft pneumatic system and a piezo-based stiff system have been used for the stabilization of the doublet. Here, only the results achieved with the stiff system are considered. A more complete overview of both systems is given in [2] .
The vertical and the horizontal RMS motion, as mea- The quadruple stability was continuously monitored for several days. 00 the table top, two doublets and one triplet were mounted on three independent alignment structures (see Fig. 1 ). like on a girder. The vertical motion above 4 Hz as measured on the floor and on one doublet is shown in Fig.4 versus time. The cultural noise, which increases the ground motion up to 12nm in the 'working days, is greatly reduced by the stabilization device! a stability below the 1 nm level is ensured almost independently of the cultural noise. Some residual perturbations are induced by people walking by the experimental setup or working close to it.
CLIC LUMINOSITY PERFORMANCE
The simulations of the time-dependent luminosity performance of CLlC have been performed for the beam delivery system (BDS) of 151, which provides a design luminosity of 0.8 x cm-2s-1. The validity of the tracking results has been assessed in [6, 7] . The available codes agree within a few percent for simulations without synchrotron radiation, like the ones considered in the following. and provided the luminosity and the BB deflection angle. Two-beam simulations are carried out with the measured vibrational spectra of the CLIC prototype quadrupoles. The spectra axe used to generate time-dependent misalignments of the quadrupoles at either side of the 1P. Only the final doublets are moved because they induce the main impact on the luminosity (an additional 10 %luminosity reduction is found if all other quadrupoles of the BDS are moved according to the same vibrational spectrum). A pulse-topulse feedback system for correcting the IP beam offset has been implemented in Merlin. The relative BB offset at the IP (to be minimized by the feedback) is calculated from the BB deflection angle provided by the Guineapig simulations. Beam scans in the horizontal and vertical plane are used to calibrate the deflection angle versus beam offset. This curve is fitted and inverted to provide the offset from the beam angle, as was done for instance for SLC [IO] .
A result of a time-dependent simulation with vibrating quadrupoles is shown in Fig. 5 . The BB offset (top) and the luminosity (bottom) versus time are given. This simulation uses the measurements of Fig. 2 to generate the quadrupole offsets (aligned machines at time zero). The motion of the two final doublets is taken to he uncorrelated. Without an IP feedback the BB offset would increase by several tens of nanometer and the luminosity would he completely lost within a few bunches. The feedback correction compensates the low frequency component of the motion and allows recovering a large fraction of the nominal luminosity.
A scan of the feedback gain has been done to find the set point that gives the best luminosity. Fig. 6 shows the average luminosity over three seconds of CLIC operation, i.e. 300 consecutive pulses. The quadruple stability achieved with only the table as support allows recovering 66 % of the CLIC design luminosity, to he compared with the 15 % more than 95 % of the design luminosity can he recovered with the IP feedback (for zero vertical motion).
CONCLUSIONS
For the first time a CLIC prototype quadrupole was stabilized vertically to the 0.5nm level. This was achieved in a normal working area at CERN. This sub-nanometer stability allows ensuring that almost 70 % of the CLlC design luminosity can he achieved. The horizontal and longitudinal vibrations of the stabilized quadrupole have proven not to he a critical issue for CLIC. Even though some further improvements are still required, these results demonstrate the basic feasibility of colliding nanobcams for CLIC.
